ABSTRACT purpose. To describe and quantify a radiological phenomenon where the distal tibial plafond appears in valgus malalignment in intra-operative fluoroscopy owing to 15º craniocaudal angulation of the X-ray beam. Methods. The lateral distal tibial angle (LDTA) of 14 male and 9 female skeletally mature patients was measured by a single reviewer using 2 types of anteroposterior radiographs, in which the X-ray beam was projected at 0º (orthogonal to the ankle) and then at 15º (in a craniocaudal direction). The LDTA was the angle between the long axis of the tibia and a line drawn across the most radiodense part of the tibial plafond. The paired t-test was used to compare the LDTA of the 2 measurements. results. The mean LDTA on the 0º orthogonal radiographs was 89º (range, 87º-92º), whereas the mean LDTA on the 15º craniocaudal radiographs was 79º (range, 77º-81º). The mean difference was 10º (range, 9º-12º; p<0.0001). In the 15º craniocaudal
radiographs, the ankle joint appeared to have valgus malalignment. conclusion. During intramedullary nailing of the tibia, the knee is usually flexed and the image intensifier may not swing over far enough. This can result in well-aligned reduction being incorrectly viewed as having valgus malalignment or a varusmalaligned fracture being incorrectly viewed as reduced.
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Varus or valgus malunion of distal tibial fractures causes many functional problems, particularly at the ankle joint.
1 Distal tibial fractures with severe varus or valgus angulation should be fixed with an intramedullary nail or locking plate to facilitate bone union and functional recovery. [2] [3] [4] Fluoroscopy is commonly used to confirm fracture reduction and placement of the intramedullary nail. This study describes and quantifies a radiological phenomenon where the distal tibial plafond appears in valgus malalignment in intra-operative fluoroscopy owing to 15º craniocaudal angulation of the X-ray beam.
Materials and Methods
The lateral distal tibial angle (LDTA) of 14 male and 9 female skeletally mature patients was measured by a single reviewer using 2 types of anteroposterior radiographs, in which the X-ray beam was projected at 0º (orthogonal to the ankle) and then at 15º (in a craniocaudal direction) [ Fig. 1 ]. The LDTA was the angle between the long axis of the tibia and a line drawn across the most radiodense part of the tibial plafond. The paired t-test was used to compare the LDTA on the 0º orthogonal radiographs and the 15º craniocaudal radiographs.
results
In all patients, the ankle joint appeared roughly perpendicular to the tibial shaft when radiographs were taken. The mean LDTA on the 0º orthogonal radiographs was 89º (range, 87º-92º), whereas the mean LDTA on the 15º craniocaudal radiographs was 79º (range, 77º-81º). The mean difference was 10º (range, 9º-12º; p<0.0001). In the 15º caniocaudal radiographs, the ankle joint appeared to have valgus malalignment (Fig. 2) .
discussion
The appearance of the tibial plafond varies in different angled radiographs. When a full-length, anteroposterior radiograph of the tibia is taken, the X-ray beam is centred on the midshaft of the tibia, and thus at the ankle the X-ray beam is projected in a craniocaudal direction giving a distorted appearance. Therefore, for assessment of the ankle mortise, the X-ray beam should be projected at the level of the ankle joint and perpendicular to it. During intramedullary nailing for distal tibial fractures, it is essential to know where the nail is placed and whether the fracture is reduced. As the nail is held aligned in the proximal fragment at the isthmus, a nail at 90º to the tibial plafond is assumed to have no varus or valgus malalignment. However, when the knee is flexed with the tibia being angled rather than flat on the bed, and the image intensifier is not swung far enough, a well-aligned reduction can be incorrectly viewed as having valgus malalignment or a varus-malaligned fracture can be incorrectly viewed as reduced (Fig. 3) . In order to take a true anteroposterior radiograph, the image intensifier must be angled in line with the tibia. Otherwise, the ankle appears in relative valgus. This error may not be detected during surgery as only short segments of the tibia can be visualised and overall assessment of alignment is difficult. Postoperative radiographs will demonstrate the malalignment.
This radiological phenomenon is due to the obliquity of the tibial plafond. The orientation of the ankle joint to decide on limb alignment is merely the radiological projection of that joint when the X-ray beam is orthogonal to the tibia. Although it may seem obvious to ensure that the X-ray beam is orthogonal to the tibia, when performing challenging surgery it may be tempting to cut corners and not ensure whether the alignment is correct.
This study has several limitations. The patient numbers were small and the images were taken using fluoroscopy, which is of lower quality than radiography. These images were reviewed by a single reviewer who was not blinded to the angle of the X-ray beam. Nonetheless, this study highlighted the potential differences in appearance of the ankle joint under various X-ray angles and their implications when nailing the tibia. The image intensifier at 15º angle tends to give the most distortion. 
